Introduction
Uninterrupted work of aircraft, rocket and aerospace systems in many ways depends on the quality, reliability and durability of using construction materials. Thus, dielectric parts of electronic equipment (radomes in particular) must be characterized by minimal values of dielectric characteristics (dielectric loss tangent on the range 10 -4 -10 -2 ), dielectric permittivity (ε) less than 10), high erosion resistance (dust particles, rain drops) and heat resistance. In addition, resistance to high level of vibration.
One of the most perspective materials is a strontium anorthite ceramic. Applying of this material is possible because of the combination of crystal phase -strontium anorthite, required dielectric (tg δ = (1÷2)·10 -4 , ε = 6.5) and high mechanical properties in conditions of high temperature exposure. In modern industries this kind of ceramic is used as a constructive, dielectric and refractory materials. Generally, the required level of sintering for strontium anorthite ceramics achieves by long grinding of raw materials and firing and also high sintering temperature.
Kinetics of phase formation was studied in a number of papers by authors like Bansal N.P., Sung Y.M., Chinn R.E., Kim C.Y. and others. Russian researches in their work [1] also made an accent on technology and manufacturing of these materials and also on prospect of their applying.
Work by Song Chen, De-Gui Zhu, Xu-Sheng Cai [2] presents a development in area of obtaining a lowtemperature Sr-anorthite ceramic, which is obtained at 900°С. However, presented technology of obtaining a ceramic material involves a two-time firing with preliminary heat treatment of kaolin at 1400°С.
The possibility of low-temperature synthesis (1350°C) of strontium anorthite ceramic was proved by us in a previous research [3] . The probability of the formation of SrO·Al 2 O 3 ·2SiO 2 compound was confirmed by thermodynamic calculation of free Gibbs energy, which remains to be the only universal physical-chemical theory today. The result of the research was the possibility of obtaining the material at 1350°C, which is characterized by dielectric permittivity value ε = 6.29, which complies with the requirements for radio transparent materials. Therefore, next step of the research is experimental determination of the optimal compositions area, which will provide consistently high levels of operational properties. It is expedient to solve the task with the applying of simplexlattice method of planning with using of incomplete 3rd order Sheffe plan.
Thus, the purpose of this work is a thermodynamic evaluation of possibility of the solid-phase interaction of oxide area of the SrO-Al 2 O 3 -SiO 2 system with the strontium anorthite formation, and also conducting the experiment and determination of the "composition-property" dependency.
Experimental part
Thermodynamic calculation allows to determine fundamental possibility and probability of the reaction with the formation of new phases for seven points of simplexplan. It will allow to substantiate technological parameters of purposeful synthesis of material with specific properties before the energy-intensive experiment.
To solve the task of optimization of the ceramic composition and establishment of the dependency "composition-properties", a simplex-lattice method of planning the experiment with incomplete 3rd order Sheffe plan was used. As an independent factors reviewed a content of silica, alumina and strontium oxides in mixes compositions. Factor space area is limited by the content of oxides, wt. %: SiO 2 -30÷50, Al 2 O 3 -25÷45, SrO -25÷45.
The possibility of synthesis of strontium anorthite SrO·Al 2 O 3 ·2SiO 2 for the seven simplex-plan points in SrO-Al 2 O 3 -SiO 2 system (Fig. 1) was estimated for the reactions of obtaining from oxides. 
Calculation of free Gibbs energy (
o T G  , kJ/mol) was carried out by integration Gibbs-Helmholtz equation:
considering the following polymorphic phase transformation
Prediction of solid-phase reaction on temperature range 700-1700 K was carried out considering the compositions of oxide mixes, that were shown in table 1.
Most part of the initial thermodynamic data (table 2) was taken from reference tables [4] [5] , and from the work [6] for strontium anorthite. Presented data shows that for all investigated points, the possibility of the monoclinic strontium anorthite formation SrO·Al 2 O 3 ·2SiO 2 is rather high and less than -200.
Despite kJ/mol. The most preferred are reactions of formation for points 3 and 7, because they characterized by the most negative value of G  value for points 3 and 7, these compositions can be characterized by lower dielectric properties, because they contain maximal amount of Al 2 O 3 (~28…45 wt. %). According to calculated data, a little more than a half of this amount of Al 2 O 3 goes on the formation of strontium anorthite. The rest of alumina oxides is in the products of reaction and it remains to be unbound. Figure data shows that the reaction flow through the formation of intermediate compounds is unlikely, especially at temperature up to 1400 K. However, even above this temperature during the strontium anorthite formation from oxides according to reaction (1) Next step of the research is a manufacturing of samples and determination of optimal amount of each from phase forming oxides (SiO 2 , Al 2 O 3 , SrO), that will provide minimal values of dielectric properties and high level of physicalmechanical properties. As a feedback water absorption W (%), dielectric permittivity (ε) and compressing strength σ compression (MPa) was set.
For manufacturing a laboratory samples as a raw material quartz of Vishnevetzkogo field and technical products such as alumina G-00 and strontium carbonate were used. Samples were prepared by moist pressing method, their form and proportions comply with GOST 24409-80. Fast firing was carried at the temperatures 1250-1450°С with exposure 5 hours.
For synthetic materials the measurement of compression strength was carried using the press GMS-50, dielectric permittivity with using digital measure of inductance of capacity and resistance Е 7-8, water absorption was determined by boiling. As a measurement result the arithmetic average of three parallel tests was taken (table 3) . Presented data shows at temperature 1250°C the required level of sintering of materials is not reachedwater absorption and dielectric permittivity values is much higher than acceptable limit, while the strength characteristics are acceptable only for samples of raw composition No 2.
In case of firing at 1350°C for all points of simplex plan value of dielectric permittivity decreasing and mechanical strength increasing. For samples No 1, 2, 5 the value of water absorption is decreasing (< 1%). Temperature increasing up to 1450°C doesn't affect water absorption much, however, affected dielectric properties in two ways: value of dielectric permittivity for samples No 1, 4, 7 is decreased, for others -increased. Increasing of temperature affected only mechanical characteristics in a positive way, however, samples No 1 and 5 showed signs of high-temperature deformation.
As a result of processing the experimental data of planned experiment, the dependency "compositionproperty" were established. Fig. 4 shows graphical view of obtained dependencies for compositions, that were sintered at temperature 1350°C. Isolines shows an equal values of properties.
Obtained dependencies shows that compositions with minimal amount of alumina oxide (25 wt. %) has a minimal value of water absorption. Dependency "compositiondielectric permittivity" has a similar trend -with decreasing of amount of alumina oxide the necessary level of a value (ε < 10) achieved, and minimal value of permittivity achieved at amount of Al 2 O 3 25 wt. %. Higher mechanical strength of samples provides at amount of SiO 2 40-50 wt. % and Al 2 O 3 25-30 wt. %. Area of optimal values of measured properties shifts to the area of stoichiometric composition of strontium anorthite SrO·Al 2 O 3 ·2SiO 2 , which can indicate a complete conversion of raw materials.
Complex analysis of presented data allows to suggest, that developed compositions of radio transparent ceramic No 2, No 5 required a necessary level of properties. Optimal composition is No 2, sintered at temperature 1350°C, which is characterized by minimal water absorption (0.17 %), minimal dielectric permittivity (5.15) and maximal mechanical compression strength (176 MPa).
Conclusions
As a result of theoretical studies for all composition of the simplex plan, the possibility of obtaining a strontium anorthite ceramic in a temperature range 700-1700K was determined. Obtained data indicates that the reaction of SrO·Al 2 Realization of the experiment allowed to determine the most technological area of the compositions for the obtaining of radio transparent ceramic that provides maximum level of sintering (0.17-0.20%) and mechanical strength (105-175 MPa) and also low values of dielectric permittivity (5.15-6.09) at sintering temperature 1350°C. The optimum ratio of raw materials is: quartz:strontium carbonate:alumina = 50:25:25.
Thus, as a result of theoretical and experimental researches the compositions area for radio transparent ceramic was optimized and the best composition with the water absorption -0.17%, dielectric permittivity value -5.15 and mechanical strength -175 MPa was chosen.
The results will be useful for creation and improvement of operational characteristics and durability of new polyfunctional radio transparent materials.
